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Abstract7
The structures of the 1:1 hydrated proton-transfer compounds of isonipecotamide (4-piperidinecarboxamide) with oxalic 8
acid, namely 4-carbamoylpiperidinium hydrogen oxalate dihydrate, C6H13N2O+ C2HO4−. 2(H2O) (I) and with adipic acid, 9
bis(4-carbamoylpiperidinium) adipate dihydrate, 2(C6H13N2O+) C6H8O42−. 2(H2O) (II) have been determined. Both salts 10
form three-dimensional hydrogen-bonded structures, involving several different types of enlarged water-bridged cyclic 11
associations. In the structure of (I), the oxalate monoanions give head-to-tail carboxylic acid O—H···Ocarboxyl hydrogen-12
bonding interactions, forming C(5) chain substructures which extend along a. The isonipecotamide cations also give par-13
allel chain substructures through amide N—H···O hydrogen bonds, the chains being linked across b and down c by alter-14
nating water bridges involving both carboxyl and amide O-atom acceptors and amide and piperidinium N—H···Ocarboxyl 15
hydrogen bonds, generating cyclic R34(10) and R23(11) motifs. With the structure of (II), the asymmetric unit comprises a 16
piperidinium cation, half of an adipate dianion which lies across a crystallographic inversion centre and a water molecule 17
of solvation. In the crystal, the two inversion-related cations are inter-linked through the two water molecules acting as 18
acceptors in dual amide N—H···Owater hydrogen bonds giving a cyclic R24(8) association which is conjoined with an 19
R44(12) motif. Further N—H···Owater and water O—H···Oamide as well as piperidinium N—H···Ocarboxyl hydrogen bonds give 20
the overall three-dimensional structure. The structures reported here further demonstrate the utility of the 21
isonipecotamide cation as a synthon for the generation of stable hydrogen-bonded structures. The presence of water 22
molecules of solvation in these structures is largely responsible for the non-occurrence of the common hydrogen-bonded 23
amide–amide dimer, promoting instead, various expanded cyclic hydrogen-bonding motifs. 24
1. Comment25
The Lewis base 4-piperidinecarboxamide (isonipecotamide: INIPA) has provided a considerable number of structures of 26
salts with carboxylic acids, the majority of which are anhydrous although prepared commonly in an aqueous ethanolic 27
medium (Smith & Wermuth, 2010a, 2011a). Present in ca 50% of the mostly low-dimensional hydrogen-bonded 28
structures of salts in this series are examples of the head-to-head cyclic dimer association involving the amide group 29
[graph set R22(8) (Etter et al., 1990)] (the 'amide–amide′ motif: Allen et al., 1998). Less common is the lateral head-to-tail 30
cyclic association involving dual piperidinium N—H···Oamide hydrogen bonds [graph set R22(14)] (the isonipecotamide 31
motif), such as found in the structure of the 2-nitrobenzoate salt (Smith & Wermuth, 2010b). Hydrated salts are less 32
common in this series with only 6 reported among a total of 26 known structures. These are the acetate (a monohydrate) 33
(Smith & Wermuth, 2010c), the phenylacetate (a hemihydrate) (Smith & Wermuth, 2010d), the terephthalate (a dihydrate) 34
(Smith & Wermuth, 2011a), the indole-2-carboxylate (a hemihydrate), the indole-3-carboxylate (a dihydrate) (Smith & 35
Wermuth, 2011b) and the picolinate (a 0.25 hydrate) (Smith & Wermuth, 2012). Formation of 2:1 INIPA salts is also 36
unusual with the diprotic organic acids considering the 1:1 reagent stoichiometry employed in the preparations, with only 37
two reported examples, the terephthalate (Smith & Wermuth, 2010a) and the bipyridine-4,4′-disulfonate (Smith et al., 38
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2010). 39
However, our 1:1 reaction of INIPA with a series of aliphatic dicarboxylic acids employing similar conditions as used in 40
the preparation of the previous salts provided two examples of salt hydrates, one of which was a 2:1 salt. These salts are 41
with oxalic acid: 4-carbamoylpiperidinium hydrogen oxalate dihydrate, C6H13N2O+ C2HO4−. 2(H2O) (I) and with adipic 42
acid: bis(4-carbamoylpiperidinium) adipate dihydrate, 2(C6H13N2O+) C6H8O42−. 2(H2O) (II). The double deprotonation in 43
the formation of the 2:1 salt in the case of (II) is consistent with the relative acid dissociation constants pKa1 and pKa2 of 44
adipic acid (4.43, 5.42) compared to 1.27 and 4.28 for oxalic acid. The structures of (I) and (II) (Figs. 1 and 2) are re-45
ported herein. In both, hydrogen-bonding associations give three-dimensional structures, with an absence of either the 46
previously described cyclic 'amide–amide′ hydrogen-bonding motif or the uncommon cyclic 'isonipecotamide′ motif. 47
However, present in all structures are several different types of enlarged water-bridged cyclic associations. 48
In the structure of (I) (Fig. 1), the oxalate monoanions give C(5) head-to-tail carboxylic acid O—H···Ocarboxyl hydrogen-49
bonding interactions, forming chains which extend along a (Figs. 3, 4). This type of chain substructure is common among 50
hydrogen phthalate salt structures, although in those substructures the motif is C(7) (Glidewell et al., 2005; Smith & Wer-51
muth, 2010b)]. In (I), lying parallel to the hydrogen oxalate chains are INIPA chain substructures generated through N—52
H···O hydrogen bonds between the amide groups of head-to-head INIPA cations. The links between the chains across b 53
are provided by alternating O—H···O hydrogen-bond bridges involving both water molecules (O1W, O2W) with carboxyl 54
and amide O-atom acceptors, together with amide N—H···Ocarboxyl and piperidinium N—H···Ocarboxyl hydrogen bonds 55
(Table 3). These interactions generate conjoined cyclic ring motifs [graph sets R34(10) and R23(11)], best seen in Fig. 3. 56
The three-dimensional structure is generated through water–water hydrogen-bonding associations extending down c. Also 57
in the structure there is an intramolecular piperidinium–carboxyl interaction [N1A—H···O21, 2.900 (2) Å: N—H···O 58
angle, 110.8 (14)°] and a water–carboxyl interaction [O2W—H···O22, 3.0952 (17) Å: O—H···O angle 118.3 (19)°]. The 59
carboxyl groups of the oxalate monoanion are only slightly rotated out of the molecular plane [torsion anglle O12—C1—60
C2—O22, −14.1 (2)°]. 61
In the structure of the 2:1 INIPA salt hydrate with adipic acid (II), (Fig. 2) the asymmetric unit comprises a piperidinium 62
cation, half of an adipate anion which lies across a crystallographic inversion centre and a water molecule of solvation 63
(O1W). In the crystal, the two inversion-related cations are inter-linked through two similarly related water molecules 64
acting as acceptors in dual amide N—H···O hydrogen bonds, giving a centrosymmetric cyclic association [graph set 65
R24(8)] (Table 4). A second conjoined cyclic association [graph set R44(12)] also involving the amide group and the two 66
water molecules but with both N—H···Owater and water O—H···Oamide hydrogen bonds, link the substructures which extend 67
down b. The piperidinium group gives N—H···O hydrogen-bonding links to O-atom acceptors (O11) of the adipate di-68
anion giving chain extension along b as well as chain-linking across a through O12, giving the three-dimensional struc-69
ture (Fig. 5). With the INIPA cations in the salts, the amide side chain conformations are similar, with the comparative 70
values for the minimum C2/C5—C4—C41—O41 ring-to-amide side chain torsion angle being 47.7 (2) in (I) and 71
−49.83 (7) in (II). 72
The structures reported here further demonstrate the utility of the isonipecotamide cation as a synthon for the generation 73
of stable hydrogen-bonded structures. Unlike the majority of previous examples, the amide–amide hydogen-bonding 74
motif which is present in 13 of the 26 known structures of proton-transfer salts of INIPA is not found in any of the present 75
examples. However, the presence of water molecules of solvation in these structures is largely responsible for this non-76
occurrence, instead promoting enlarged cyclic hydrogen-bonding motifs.77
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2. Synthesis and crystallization78
The title compounds were synthesized by heating together under reflux for 10 min, 1 mmol quantities of 4-79
piperidinecarboxamide (isonipecotamide) (0.13 g) and oxalic acid dihydrate (0.13 g) [for (I)], and adipic acid (0.15 g) 80
[for (II)], in 50 ml of ethanol-water (50%). After concentration to ca 30 ml, partial room temperature evaporation of the 81
hot-filtered solutions gave colourless plates of (I) (m.p. 366 K) or prisms of (II) (m.p. 353 K), from which specimens 82
were cleaved for the X-ray analyses.83
3. Refinement84
Hydrogen atoms involved in hydrogen-bonding interactions were located by difference methods and their positional and 85
isotropic displacement parameters were refined. Other H-atoms were included in the refinements at calculated positions 86
[C—H = 0.99 Å (methylene) or 1.00 Å (methine)] using a riding model approximation, with Uiso(H) = 1.2Ueq(C).87
Table 188
Experimental details 89
90 (I) (II)
91 Crystal data
92 Chemical formula C6H13N2O·C2HO4·2(H2O) C6H8O4·2(C6H13N2O)·2(H2O)
93 Mr 254.24 438.52
94 Crystal system, space 
group
Monoclinic, P21/n Triclinic, P1
95 Temperature (K) 200 200
96 a, b, c (Å) 5.7265 (5), 28.646 (2), 7.4941 (7) 5.8454 (4), 7.7696 (5), 13.0987 (7)
97 α, β, γ (°) 90, 100.327 (9), 90 75.336 (5), 81.763 (5), 78.448 (5)
98 V (Å3) 1209.44 (18) 561.17 (6)
99 Z 4 1
100 Radiation type Mo Kα Mo Kα
101 µ (mm−1) 0.12 0.10
102 Crystal size (mm) 0.43 × 0.23 × 0.20 0.35 × 0.32 × 0.08
103
104 Data collection
105 Diffractometer Oxford Diffraction Gemini-S CCD-detector 
diffractometer
Oxford Diffraction Gemini-S CCD-detector 
diffractometer
106 Absorption correction Multi-scan 
CrysAlis PRO (Agilent, 2012)
Multi-scan 
CrysAlis PRO (Agilent, 2012)
107 Tmin, Tmax 0.893, 0.990 0.955, 0.983
108 No. of measured, 
independent and
observed [I > 2σ(I)] 
reflections
7562, 2369, 1888 6679, 2204, 1683 
109 Rint 0.031 0.027
110 (sin θ/λ)max (Å−1) 0.617 0.617
111
112 Refinement
113 R[F2 > 2σ(F2)], wR(F2), S0.042, 0.110, 1.03 0.035, 0.088, 0.98
114 No. of reflections 2369 2204
115 No. of parameters 190 160
116 H-atom treatment H atoms treated by a mixture of independent and 
constrained refinement
H atoms treated by a mixture of independent and 
constrained refinement
117 Δρmax, Δρmin (e Å−3) 0.35, −0.32 0.20, −0.16
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Computer programs: CrysAlis PRO (Agilent, 2012), CrysAlis PRO, SIR92 (Altomare et al., 1993), SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 118
2012), PLATON (Spek, 2009), PLATON. 119
Table 2120
Hydrogen-bond geometry (Å, º) for (I) 121
122 D—H···A D—H H···A D···A D—H···A
123 N1A—H11A···O2W 0.94 (2) 1.94 (2) 2.844 (2) 161.7 (16)
124 N1A—H12A···O11 0.90 (2) 1.93 (2) 2.8266 (19) 173.3 (17)
125 N41A—H41A···O2Wi 0.88 (2) 2.03 (2) 2.8893 (19) 164.6 (17)
126 N41A—H42A···O41Ai 0.87 (2) 2.20 (2) 3.048 (2) 164.7 (19)
127 O22—H22···O11ii 0.92 (3) 1.72 (3) 2.6362 (17) 179 (3)
128 O1W—H11W···O12iii 0.94 (3) 1.81 (3) 2.7479 (18) 179 (4)
129 O1W—H12W···O41A 0.85 (2) 2.03 (3) 2.8485 (18) 164 (2)
130 O2W—H21W···O1Wiv 0.87 (2) 1.86 (2) 2.7268 (18) 174 (2)
131 O2W—H22W···O12v 0.90 (3) 1.82 (3) 2.7067 (17) 169 (2)
Symmetry codes: (i) x+1/2, −y+1/2, z−1/2; (ii) x−1, y, z; (iii) −x+3/2, y+1/2, −z+1/2; (iv) x+1/2, −y+1/2, z+1/2; (v) −x+1, −y, −z+1. 132
Table 3133
Hydrogen-bond geometry (Å, º) for (II) 134
135 D—H···A D—H H···A D···A D—H···A
136 N1A—H11A···O12 0.999 (18) 1.752 (18) 2.7463 (15) 173.5 (15)
137 N1A—H12A···O11i 0.969 (17) 1.752 (17) 2.7153 (16) 172.3 (16)
138 N41A—H41A···O1Wii 0.915 (18) 2.020 (17) 2.9188 (16) 167.0 (14)
139 N41A—H42A···O1Wiii 0.902 (17) 2.182 (16) 2.9647 (16) 144.8 (15)
140 O1W—H11W···O12 0.939 (19) 1.88 (2) 2.8092 (14) 169.9 (15)
141 O1W—H12W···O41Aiv 0.86 (2) 1.89 (2) 2.7429 (15) 177.1 (16)
Symmetry codes: (i) x+1, y, z; (ii) x+1, y−1, z; (iii) −x+1, −y, −z+1; (iv) x, y+1, z.142
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Figure 1 163
Fig. 1. Molecular conformation and atom naming scheme for the INIPA cation, the oxalate monoanion and the water 164
molecules of solvation in (I). Displacement ellipsoids are drawn at the 40% probability level and the inter-species 165
hydrogen bonds are shown as a dashed lines.166
Figure 2 167
Fig. 2. Molecular conformation and atom naming scheme for the INIPA cation, the adipate dianion and the water 168
molecule of solvation in the asymmetric unit of (II). Displacement ellipsoids are drawn at the 40% probability level and 169
the inter-species hydrogen bonds are shown as dashed lines. For symmetry code (i): −x + 1, −y − 1, −z.170
Figure 3 171
Fig. 3. The cyclic R34(10) and R23(11) cation–anion–water hydrogen-bonding associations and C(5) anion–anion chain 172
structures in (I), showing hydrogen-bonding associations as dashed lines. Non-associative H-atoms are omitted. For 173
symmetry codes, see Table 2.174
Figure 4 175
Fig. 4. The three-dimensional hydrogen-bonded network structure of (I), showing hydrogen-bonding associations as 176
dashed lines. Non-interactive H atoms are omitted.177
Figure 5 178
Fig. 5. The three-dimensional hydrogen-bonded structure of (II), showing hydrogen-bonding associations as dashed lines. 179
Non-associative H-atoms are omitted. For symmetry codes, see Table 3. 180
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supplementary materials1
Three-dimensional hydrogen-bonded structures in the hydrated proton-transfer 2
salts of isonipecotamide with the dicarboxylic oxalic and adipic acid 3
homologues.4
Computing details5
For both compounds, data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO; data reduction: 6
CrysAlis PRO; program(s) used to solve structure: SIR92 (Altomare et al., 1993); program(s) used to refine structure: 7
SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012); molecular graphics: PLATON (Spek, 2009); software used 8
to prepare material for publication: PLATON.9
(I) 4-carbamoylpiperidinium hydrogen oxalate dihydrate 10
Crystal data 11
12 C6H13N2O·C2HO4·2(H2O) F(000) = 544
13 Mr = 254.24 Dx = 1.396 Mg m−3
14 Monoclinic, P21/n Melting point: 366 K
15 Hall symbol: -P 2yn Mo Kα radiation, λ = 0.71073 Å
16 a = 5.7265 (5) Å Cell parameters from 4129 reflections
17 b = 28.646 (2) Å θ = 3.5–28.8°
18 c = 7.4941 (7) Å µ = 0.12 mm−1
19 β = 100.327 (9)° T = 200 K
20 V = 1209.44 (18) Å3 Block, colourless
21 Z = 4 0.43 × 0.23 × 0.20 mm
Data collection 22
23 Oxford Diffraction Gemini-S CCD-detector 
diffractometer 2369 independent reflections
24 Radiation source: Enhance (Mo) X-ray source 1888 reflections with I > 2σ(I)
25 Graphite monochromator Rint = 0.031
26 Detector resolution: 16.077 pixels mm-1 θmax = 26.0°, θmin = 3.5°
27 ω scans h = −6→7
28 Absorption correction: multi-scan 
CrysAlis PRO (Agilent, 2012) k = −35→35
29 Tmin = 0.893, Tmax = 0.990 l = −9→5
30 7562 measured reflections
Refinement 31
32 Refinement on F2 Primary atom site location: structure-invariant direct methods
33 Least-squares matrix: full Secondary atom site location: difference Fourier map
34 R[F2 > 2σ(F2)] = 0.042 Hydrogen site location: inferred from neighbouring sites
35 wR(F2) = 0.110 H atoms treated by a mixture of independent and constrained refinement
36 S = 1.03 w = 1/[σ
2(Fo2) + (0.0648P)2 + 0.2236P] 
where P = (Fo2 + 2Fc2)/3
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37 2369 reflections (Δ/σ)max < 0.001
38 190 parameters Δρmax = 0.35 e Å−3
39 0 restraints Δρmin = −0.32 e Å−3
Special details 40
41 Refinement 
Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional R-factors R are 
based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used only for calculating R-factors(gt) etc. and is 
not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as those based on F, and 
R- factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 42
43 x y z Uiso*/Ueq
44 O41A 0.7546 (2) 0.26506 (4) 0.28401 (18) 0.0315 (4)
45 N1A 0.7637 (3) 0.09954 (5) 0.2836 (2) 0.0254 (4)
46 N41A 1.0119 (3) 0.26870 (5) 0.0906 (2) 0.0301 (5)
47 C2A 0.6217 (3) 0.11995 (6) 0.1156 (3) 0.0313 (6)
48 C3A 0.6186 (3) 0.17288 (6) 0.1290 (3) 0.0302 (5)
49 C4A 0.8702 (3) 0.19264 (5) 0.1614 (2) 0.0236 (5)
50 C5A 1.0136 (3) 0.17014 (5) 0.3325 (3) 0.0267 (5)
51 C6A 1.0115 (3) 0.11718 (6) 0.3180 (3) 0.0318 (6)
52 C41A 0.8724 (3) 0.24535 (6) 0.1826 (2) 0.0232 (5)
53 O11 0.8036 (2) 0.00182 (4) 0.2462 (2) 0.0354 (4)
54 O12 0.65900 (19) −0.07007 (4) 0.26113 (18) 0.0284 (4)
55 O21 0.3756 (2) 0.03551 (4) 0.2990 (2) 0.0454 (5)
56 O22 0.2228 (2) −0.03540 (4) 0.2389 (2) 0.0376 (5)
57 C1 0.6414 (3) −0.02690 (5) 0.2568 (2) 0.0220 (5)
58 C2 0.3964 (3) −0.00514 (5) 0.2667 (3) 0.0250 (5)
59 O1W 0.5618 (2) 0.35615 (5) 0.30482 (18) 0.0315 (4)
60 O2W 0.6185 (2) 0.13264 (4) 0.60447 (19) 0.0289 (4)
61 H4A 0.94630 0.18440 0.05540 0.0280*
62 H11A 0.687 (3) 0.1064 (6) 0.381 (3) 0.024 (4)*
63 H12A 0.764 (3) 0.0683 (8) 0.272 (3) 0.037 (5)*
64 H21A 0.45720 0.10790 0.09830 0.0380*
65 H22A 0.69140 0.11060 0.00930 0.0380*
66 H31A 0.53830 0.18220 0.23000 0.0360*
67 H32A 0.52740 0.18600 0.01540 0.0360*
68 H41A 1.019 (3) 0.2994 (8) 0.102 (3) 0.036 (5)*
69 H42A 1.089 (3) 0.2546 (7) 0.017 (3) 0.029 (5)*
70 H51A 1.17950 0.18150 0.35020 0.0320*
71 H52A 0.94550 0.17960 0.43940 0.0320*
72 H61A 1.09240 0.10750 0.21780 0.0380*
73 H62A 1.09900 0.10360 0.43200 0.0380*
74 H22 0.077 (5) −0.0220 (8) 0.241 (4) 0.055 (7)*
75 H11W 0.656 (4) 0.3815 (9) 0.281 (4) 0.056 (7)*
76 H12W 0.639 (4) 0.3318 (9) 0.288 (3) 0.045 (7)*
77 H21W 0.758 (4) 0.1342 (7) 0.672 (3) 0.040 (6)*
78 H22W 0.542 (4) 0.1093 (9) 0.649 (4) 0.054 (7)*
Atomic displacement parameters (Å2) 79
80 U11 U22 U33 U12 U13 U23
81 O41A 0.0434 (7) 0.0230 (6) 0.0323 (7) −0.0008 (5) 0.0182 (6) −0.0029 (5)
82 N1A 0.0316 (8) 0.0168 (7) 0.0283 (8) −0.0015 (6) 0.0068 (6) −0.0004 (6)
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83 N41A 0.0396 (9) 0.0195 (8) 0.0352 (9) −0.0009 (6) 0.0178 (7) −0.0008 (6)
84 C2A 0.0364 (10) 0.0279 (9) 0.0261 (10) −0.0075 (7) −0.0034 (8) −0.0019 (7)
85 C3A 0.0305 (9) 0.0265 (9) 0.0288 (10) −0.0021 (7) −0.0073 (7) 0.0036 (7)
86 C4A 0.0313 (9) 0.0200 (8) 0.0212 (9) −0.0007 (6) 0.0090 (7) −0.0015 (6)
87 C5A 0.0208 (8) 0.0232 (8) 0.0345 (10) −0.0010 (6) 0.0003 (7) 0.0004 (7)
88 C6A 0.0253 (9) 0.0260 (9) 0.0434 (12) 0.0039 (7) 0.0043 (8) 0.0018 (8)
89 C41A 0.0272 (8) 0.0232 (8) 0.0187 (8) 0.0001 (6) 0.0027 (7) 0.0006 (6)
90 O11 0.0215 (6) 0.0217 (6) 0.0647 (10) −0.0013 (5) 0.0124 (6) −0.0004 (6)
91 O12 0.0232 (6) 0.0203 (6) 0.0428 (8) 0.0015 (4) 0.0088 (5) 0.0003 (5)
92 O21 0.0275 (7) 0.0229 (7) 0.0885 (13) 0.0012 (5) 0.0181 (7) −0.0056 (7)
93 O22 0.0188 (6) 0.0235 (6) 0.0709 (11) 0.0000 (5) 0.0095 (6) −0.0038 (6)
94 C1 0.0192 (8) 0.0198 (8) 0.0267 (9) −0.0006 (6) 0.0032 (6) −0.0023 (6)
95 C2 0.0217 (8) 0.0194 (8) 0.0341 (10) 0.0004 (6) 0.0058 (7) 0.0012 (7)
96 O1W 0.0310 (7) 0.0273 (7) 0.0379 (8) −0.0009 (6) 0.0108 (6) 0.0050 (6)
97 O2W 0.0296 (7) 0.0247 (6) 0.0331 (7) −0.0013 (5) 0.0075 (6) 0.0045 (5)
Geometric parameters (Å, º) for (I) 98
99 O41A—C41A 1.239 (2) N41A—H41A 0.88 (2)
100 O11—C1 1.254 (2) C2A—C3A 1.520 (2)
101 O12—C1 1.2407 (18) C3A—C4A 1.526 (2)
102 O21—C2 1.1996 (19) C4A—C41A 1.518 (2)
103 O22—C2 1.307 (2) C4A—C5A 1.535 (3)
104 O22—H22 0.92 (3) C5A—C6A 1.521 (2)
105 O1W—H11W 0.94 (3) C2A—H21A 0.9900
106 O1W—H12W 0.85 (2) C2A—H22A 0.9900
107 O2W—H21W 0.87 (2) C3A—H32A 0.9900
108 O2W—H22W 0.90 (3) C3A—H31A 0.9900
109 N1A—C2A 1.490 (3) C4A—H4A 1.0000
110 N1A—C6A 1.485 (2) C5A—H52A 0.9900
111 N41A—C41A 1.326 (2) C5A—H51A 0.9900
112 N1A—H12A 0.90 (2) C6A—H61A 0.9900
113 N1A—H11A 0.94 (2) C6A—H62A 0.9900
114 N41A—H42A 0.87 (2) C1—C2 1.549 (2)
115
116 C2—O22—H22 112.7 (15) H21A—C2A—H22A 108.00
117 H11W—O1W—H12W 106 (2) C2A—C3A—H31A 109.00
118 H21W—O2W—H22W 106 (2) C2A—C3A—H32A 109.00
119 C2A—N1A—C6A 111.90 (14) H31A—C3A—H32A 108.00
120 H11A—N1A—H12A 107.0 (17) C4A—C3A—H31A 109.00
121 C2A—N1A—H12A 108.6 (14) C4A—C3A—H32A 109.00
122 C6A—N1A—H11A 111.1 (12) C3A—C4A—H4A 109.00
123 C6A—N1A—H12A 109.7 (11) C5A—C4A—H4A 109.00
124 C2A—N1A—H11A 108.3 (12) C41A—C4A—H4A 109.00
125 H41A—N41A—H42A 120.4 (18) C4A—C5A—H51A 109.00
126 C41A—N41A—H41A 118.2 (13) H51A—C5A—H52A 108.00
127 C41A—N41A—H42A 121.3 (13) C6A—C5A—H52A 109.00
128 N1A—C2A—C3A 110.28 (16) C4A—C5A—H52A 109.00
129 C2A—C3A—C4A 111.01 (14) C6A—C5A—H51A 109.00
130 C3A—C4A—C41A 112.05 (14) N1A—C6A—H61A 110.00
131 C3A—C4A—C5A 109.00 (14) N1A—C6A—H62A 110.00
132 C5A—C4A—C41A 109.70 (12) C5A—C6A—H61A 110.00
133 C4A—C5A—C6A 111.28 (16) C5A—C6A—H62A 110.00
134 N1A—C6A—C5A 110.30 (14) H61A—C6A—H62A 108.00
135 O41A—C41A—N41A 122.28 (16) O12—C1—C2 118.02 (14)
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136 O41A—C41A—C4A 121.48 (15) O11—C1—O12 126.73 (16)
137 N41A—C41A—C4A 116.22 (14) O11—C1—C2 115.25 (13)
138 C3A—C2A—H21A 110.00 O21—C2—O22 125.15 (16)
139 C3A—C2A—H22A 110.00 O21—C2—C1 121.59 (15)
140 N1A—C2A—H22A 110.00 O22—C2—C1 113.26 (13)
141 N1A—C2A—H21A 110.00
142
143 C6A—N1A—C2A—C3A −58.24 (19) C5A—C4A—C41A—O41A −73.5 (2)
144 C2A—N1A—C6A—C5A 57.8 (2) C5A—C4A—C41A—N41A 104.77 (17)
145 N1A—C2A—C3A—C4A 57.6 (2) C3A—C4A—C5A—C6A 55.85 (19)
146 C2A—C3A—C4A—C5A −56.2 (2) C4A—C5A—C6A—N1A −56.7 (2)
147 C2A—C3A—C4A—C41A −177.78 (15) O11—C1—C2—O21 −14.5 (3)
148 C41A—C4A—C5A—C6A 178.87 (14) O11—C1—C2—O22 166.30 (16)
149 C3A—C4A—C41A—O41A 47.7 (2) O12—C1—C2—O21 165.10 (18)
150 C3A—C4A—C41A—N41A −134.03 (17) O12—C1—C2—O22 −14.1 (2)
Hydrogen-bond geometry (Å, º) for (I) 151
152 D—H···A D—H H···A D···A D—H···A
153 N1A—H11A···O2W 0.94 (2) 1.94 (2) 2.844 (2) 161.7 (16)
154 N1A—H12A···O11 0.90 (2) 1.93 (2) 2.8266 (19) 173.3 (17)
155 N1A—H12A···O21 0.90 (2) 2.456 (19) 2.900 (2) 110.8 (14)
156 N41A—H41A···O2Wi 0.88 (2) 2.03 (2) 2.8893 (19) 164.6 (17)
157 N41A—H42A···O41Ai 0.87 (2) 2.20 (2) 3.048 (2) 164.7 (19)
158 O22—H22···O11ii 0.92 (3) 1.72 (3) 2.6362 (17) 179 (3)
159 O1W—H11W···O12iii 0.94 (3) 1.81 (3) 2.7479 (18) 179 (4)
160 O1W—H12W···O41A 0.85 (2) 2.03 (3) 2.8485 (18) 164 (2)
161 O2W—H21W···O1Wiv 0.87 (2) 1.86 (2) 2.7268 (18) 174 (2)
162 O2W—H22W···O12v 0.90 (3) 1.82 (3) 2.7067 (17) 169 (2)
163 O2W—H22W···O22v 0.90 (3) 2.57 (3) 3.0952 (17) 118.3 (19)
164 C4A—H4A···O1Wi 1.00 2.40 3.369 (2) 163
165 C3A—H32A···O41Avi 0.99 2.54 3.501 (2) 164
Symmetry codes: (i) x+1/2, −y+1/2, z−1/2; (ii) x−1, y, z; (iii) −x+3/2, y+1/2, −z+1/2; (iv) x+1/2, −y+1/2, z+1/2; (v) −x+1, −y, −z+1; (vi) x−1/2, −y+1/2, 166
z−1/2. 167
(II) bis(4-carbamoylpiperidinium) butane-1,4-dicarboxylate dihydrate 168
Crystal data 169
170 C6H8O4·2(C6H13N2O)·2(H2O) Z = 1
171 Mr = 438.52 F(000) = 238
172 Triclinic, P1 Dx = 1.298 Mg m−3
173 Hall symbol: -P 1 Melting point: 353 K
174 a = 5.8454 (4) Å Mo Kα radiation, λ = 0.71073 Å
175 b = 7.7696 (5) Å Cell parameters from 3402 reflections
176 c = 13.0987 (7) Å θ = 3.5–28.7°
177 α = 75.336 (5)° µ = 0.10 mm−1
178 β = 81.763 (5)° T = 200 K
179 γ = 78.448 (5)° Plate, colourless
180 V = 561.17 (6) Å3 0.35 × 0.32 × 0.08 mm
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Data collection 181
182 Oxford Diffraction Gemini-S CCD-detector 
diffractometer 2204 independent reflections
183 Radiation source: Enhance (Mo) X-ray source 1683 reflections with I > 2σ(I)
184 Graphite monochromator Rint = 0.027
185 Detector resolution: 16.077 pixels mm-1 θmax = 26.0°, θmin = 3.5°
186 ω scans h = −7→7
187 Absorption correction: multi-scan 
CrysAlis PRO (Agilent, 2012) k = −9→9
188 Tmin = 0.955, Tmax = 0.983 l = −16→16
189 6679 measured reflections
Refinement 190
191 Refinement on F2 Primary atom site location: structure-invariant direct methods
192 Least-squares matrix: full Secondary atom site location: difference Fourier map
193 R[F2 > 2σ(F2)] = 0.035 Hydrogen site location: inferred from neighbouring sites
194 wR(F2) = 0.088 H atoms treated by a mixture of independent and constrained refinement
195 S = 0.98 w = 1/[σ
2(Fo2) + (0.0527P)2] 
where P = (Fo2 + 2Fc2)/3
196 2204 reflections (Δ/σ)max = 0.001
197 160 parameters Δρmax = 0.20 e Å−3
198 0 restraints Δρmin = −0.16 e Å−3
Special details 199
200 Refinement 
Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional R-factors R are 
based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used only for calculating R-factors(gt) etc. and is 
not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as those based on F, and 
R- factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 201
202 x y z Uiso*/Ueq
203 O41A 0.47840 (17) −0.08622 (13) 0.36125 (8) 0.0349 (3)
204 N1A 0.8936 (2) 0.38796 (15) 0.21776 (9) 0.0233 (3)
205 N41A 0.7911 (2) −0.27558 (15) 0.43346 (9) 0.0280 (4)
206 C2A 0.9597 (3) 0.24391 (18) 0.15759 (10) 0.0281 (4)
207 C3A 0.8190 (3) 0.09236 (18) 0.20557 (10) 0.0272 (4)
208 C4A 0.8500 (2) 0.01611 (16) 0.32290 (10) 0.0211 (4)
209 C5A 0.7917 (3) 0.16926 (17) 0.38167 (10) 0.0258 (4)
210 C6A 0.9361 (3) 0.31695 (18) 0.33091 (10) 0.0286 (4)
211 C41A 0.6907 (2) −0.12143 (17) 0.37330 (10) 0.0224 (4)
212 O11 0.12663 (17) 0.65931 (13) 0.11069 (8) 0.0371 (4)
213 O12 0.42178 (16) 0.50958 (12) 0.20424 (7) 0.0304 (3)
214 C1 0.3387 (2) 0.62781 (16) 0.12684 (10) 0.0223 (4)
215 C2 0.5019 (2) 0.73971 (17) 0.04837 (11) 0.0260 (4)
216 C3 0.4208 (2) 0.94203 (16) 0.03963 (10) 0.0229 (4)
217 O1W 0.29606 (18) 0.60165 (14) 0.40125 (8) 0.0305 (3)
218 H4A 1.01680 −0.04350 0.33060 0.0250*
219 H11A 0.724 (3) 0.441 (2) 0.2130 (13) 0.048 (5)*
220 H12A 0.981 (3) 0.485 (2) 0.1854 (13) 0.052 (5)*
221 H21A 1.12940 0.19510 0.15950 0.0340*
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222 H22A 0.92890 0.29530 0.08260 0.0340*
223 H31A 0.65070 0.13910 0.19690 0.0330*
224 H32A 0.87070 −0.00540 0.16710 0.0330*
225 H41A 0.951 (3) −0.3053 (19) 0.4315 (11) 0.031 (4)*
226 H42A 0.705 (3) −0.359 (2) 0.4709 (13) 0.048 (5)*
227 H51A 0.62270 0.22100 0.38040 0.0310*
228 H52A 0.82400 0.12030 0.45670 0.0310*
229 H61A 0.89230 0.41600 0.36870 0.0340*
230 H62A 1.10490 0.26770 0.33650 0.0340*
231 H21 0.50840 0.71380 −0.02230 0.0310*
232 H22 0.66220 0.70430 0.07140 0.0310*
233 H31 0.25940 0.97640 0.01790 0.0270*
234 H32 0.41600 0.96750 0.11030 0.0270*
235 H11W 0.326 (3) 0.561 (2) 0.3382 (16) 0.064 (6)*
236 H12W 0.349 (3) 0.701 (3) 0.3875 (14) 0.056 (6)*
Atomic displacement parameters (Å2) 237
238 U11 U22 U33 U12 U13 U23
239 O41A 0.0225 (6) 0.0279 (5) 0.0512 (7) −0.0103 (4) −0.0025 (5) 0.0005 (5)
240 N1A 0.0200 (6) 0.0179 (6) 0.0287 (6) −0.0068 (5) −0.0011 (5) 0.0026 (5)
241 N41A 0.0269 (7) 0.0191 (6) 0.0344 (7) −0.0080 (5) 0.0003 (5) 0.0018 (5)
242 C2A 0.0309 (8) 0.0323 (8) 0.0207 (7) −0.0119 (6) 0.0042 (6) −0.0041 (6)
243 C3A 0.0335 (8) 0.0287 (8) 0.0224 (7) −0.0129 (6) 0.0007 (6) −0.0075 (6)
244 C4A 0.0179 (7) 0.0179 (7) 0.0266 (7) −0.0050 (5) −0.0016 (5) −0.0022 (5)
245 C5A 0.0351 (8) 0.0230 (7) 0.0202 (7) −0.0119 (6) −0.0003 (6) −0.0028 (5)
246 C6A 0.0383 (9) 0.0247 (7) 0.0258 (7) −0.0136 (6) −0.0034 (6) −0.0049 (6)
247 C41A 0.0229 (8) 0.0193 (7) 0.0249 (7) −0.0065 (6) 0.0009 (5) −0.0047 (5)
248 O11 0.0238 (6) 0.0345 (6) 0.0462 (7) −0.0147 (5) −0.0082 (5) 0.0131 (5)
249 O12 0.0242 (5) 0.0294 (5) 0.0297 (6) −0.0043 (4) −0.0009 (4) 0.0065 (4)
250 C1 0.0228 (7) 0.0168 (6) 0.0261 (7) −0.0058 (5) −0.0004 (6) −0.0022 (5)
251 C2 0.0223 (7) 0.0219 (7) 0.0308 (8) −0.0073 (6) 0.0006 (6) 0.0005 (6)
252 C3 0.0224 (7) 0.0194 (6) 0.0248 (7) −0.0076 (5) 0.0007 (5) −0.0001 (5)
253 O1W 0.0321 (6) 0.0264 (6) 0.0322 (6) −0.0140 (5) −0.0024 (4) 0.0011 (4)
Geometric parameters (Å, º) for (II) 254
255 O41A—C41A 1.2402 (16) C2A—H21A 0.9900
256 O11—C1 1.2525 (16) C2A—H22A 0.9900
257 O12—C1 1.2643 (16) C3A—H32A 0.9900
258 O1W—H11W 0.939 (19) C3A—H31A 0.9900
259 O1W—H12W 0.86 (2) C4A—H4A 1.0000
260 N1A—C2A 1.4864 (18) C5A—H52A 0.9900
261 N1A—C6A 1.4830 (17) C5A—H51A 0.9900
262 N41A—C41A 1.3315 (17) C6A—H61A 0.9900
263 N1A—H12A 0.969 (17) C6A—H62A 0.9900
264 N1A—H11A 0.999 (18) C1—C2 1.5236 (18)
265 N41A—H42A 0.902 (17) C2—C3 1.5280 (18)
266 N41A—H41A 0.915 (18) C3—C3i 1.5270 (18)
267 C2A—C3A 1.524 (2) C2—H21 0.9900
268 C3A—C4A 1.5237 (18) C2—H22 0.9900
269 C4A—C5A 1.5332 (18) C3—H32 0.9900
270 C4A—C41A 1.5199 (18) C3—H31 0.9900
271 C5A—C6A 1.521 (2)
272
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273 H11W—O1W—H12W 106.0 (16) C4A—C3A—H31A 109.00
274 C2A—N1A—C6A 111.53 (11) C5A—C4A—H4A 109.00
275 C2A—N1A—H12A 109.5 (10) C41A—C4A—H4A 109.00
276 C6A—N1A—H11A 109.1 (9) C3A—C4A—H4A 109.00
277 H11A—N1A—H12A 106.7 (14) C4A—C5A—H52A 109.00
278 C2A—N1A—H11A 109.6 (9) C6A—C5A—H51A 109.00
279 C6A—N1A—H12A 110.4 (10) C4A—C5A—H51A 109.00
280 C41A—N41A—H42A 121.0 (11) H51A—C5A—H52A 108.00
281 C41A—N41A—H41A 120.5 (9) C6A—C5A—H52A 109.00
282 H41A—N41A—H42A 118.1 (14) N1A—C6A—H61A 110.00
283 N1A—C2A—C3A 110.21 (11) N1A—C6A—H62A 110.00
284 C2A—C3A—C4A 111.53 (12) C5A—C6A—H62A 110.00
285 C3A—C4A—C41A 111.48 (11) H61A—C6A—H62A 108.00
286 C5A—C4A—C41A 108.50 (11) C5A—C6A—H61A 110.00
287 C3A—C4A—C5A 109.83 (11) O11—C1—C2 117.40 (11)
288 C4A—C5A—C6A 111.06 (11) O12—C1—C2 119.18 (11)
289 N1A—C6A—C5A 109.86 (12) O11—C1—O12 123.42 (12)
290 N41A—C41A—C4A 116.04 (11) C1—C2—C3 111.94 (10)
291 O41A—C41A—N41A 123.09 (12) C2—C3—C3i 113.17 (10)
292 O41A—C41A—C4A 120.82 (12) C1—C2—H22 109.00
293 N1A—C2A—H22A 110.00 C3—C2—H21 109.00
294 C3A—C2A—H21A 110.00 C1—C2—H21 109.00
295 C3A—C2A—H22A 110.00 H21—C2—H22 108.00
296 H21A—C2A—H22A 108.00 C3—C2—H22 109.00
297 N1A—C2A—H21A 110.00 C2—C3—H31 109.00
298 C2A—C3A—H31A 109.00 C2—C3—H32 109.00
299 C2A—C3A—H32A 109.00 C3i—C3—H31 109.00
300 C4A—C3A—H32A 109.00 C3i—C3—H32 109.00
301 H31A—C3A—H32A 108.00 H31—C3—H32 108.00
302
303 C6A—N1A—C2A—C3A 59.09 (16) C3A—C4A—C41A—N41A 132.84 (12)
304 C2A—N1A—C6A—C5A −59.99 (16) C5A—C4A—C41A—O41A 71.23 (15)
305 N1A—C2A—C3A—C4A −56.04 (16) C5A—C4A—C41A—N41A −106.10 (13)
306 C2A—C3A—C4A—C5A 53.89 (16) C4A—C5A—C6A—N1A 57.64 (16)
307 C2A—C3A—C4A—C41A 174.18 (12) O11—C1—C2—C3 57.12 (15)
308 C3A—C4A—C5A—C6A −54.72 (16) O12—C1—C2—C3 −122.69 (12)
309 C41A—C4A—C5A—C6A −176.80 (11) C1—C2—C3—C3i −179.22 (10)
310 C3A—C4A—C41A—O41A −49.83 (17) C2—C3—C3i—C2i −180.00 (10)
Symmetry code: (i) −x+1, −y+2, −z. 311
Hydrogen-bond geometry (Å, º) for (II) 312
313 D—H···A D—H H···A D···A D—H···A
314 N1A—H11A···O12 0.999 (18) 1.752 (18) 2.7463 (15) 173.5 (15)
315 N1A—H12A···O11ii 0.969 (17) 1.752 (17) 2.7153 (16) 172.3 (16)
316 N41A—H41A···O1Wiii 0.915 (18) 2.020 (17) 2.9188 (16) 167.0 (14)
317 N41A—H42A···O1Wiv 0.902 (17) 2.182 (16) 2.9647 (16) 144.8 (15)
318 O1W—H11W···O12 0.939 (19) 1.88 (2) 2.8092 (14) 169.9 (15)
319 O1W—H12W···O41Av 0.86 (2) 1.89 (2) 2.7429 (15) 177.1 (16)
320 C2A—H22A···O11vi 0.99 2.53 3.4911 (17) 165
Symmetry codes: (ii) x+1, y, z; (iii) x+1, y−1, z; (iv) −x+1, −y, −z+1; (v) x, y+1, z; (vi) −x+1, −y+1, −z. 321
